Effect of Consumption of Livestock Products on Water Consumption in China based on Virtual Water Theory  by Tian, Guiliang
 IERI Procedia  5 ( 2013 )  112 – 117 
2212-6678 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer review under responsibility of Information Engineering Research Institute
doi: 10.1016/j.ieri.2013.11.079 
 
2013 International Conference on Agricultural and Natural Resources Engineering  
Effect of Consumption of Livestock Products on Water 
Consumption in China Based on Virtual Water Theory 
Guiliang Tian* 
Business School of Hohai University (BSHU), Nanjing 211100, P. R. China 
 
Abstract 
Increasing consumption of residential livestock products leads to great demand for water, which becomes a serious 
problem in water-poor countries. From a perspective of the whole production chain of livestock, we analyzed the 
influence of growth of the livestock production on the demand for regional water based on virtual water theory. The 
influence of consumption of livestock products on the regional water demand followed the path that started from the 
increase in consumption of animal products, developed at the growth of livestock production and cereal production of 
upstream products, and ended at the rising demand for regional water. Finally, virtual water trade was proposed for water 
deficient areas to minimize the influence of consumption of livestock products on the regional water demand. The 
contents of the virtual water trade included international or regional imports of livestock and feed products and 
establishment of sustainable food consumption pattern. 
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1. Introduction 
With the sustained and rapid growth of the national economy, the level of Chinese urban and rural 
residents' food consumption constantly improve and escalation of the consumption structure continuously 
upgrade, especially tend to the rapid growth of meat consumption and the consumption proportion. Between 
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1978 and 2009, Chinese rural residents' per capita consumption of livestock products (including pigs, cattle, 
sheep and poultry) increased of 225.8%, from 6.01 to 19.58 kg. Urban households' per capita consumption of 
animal products increased of 126.2%, from 15.33 to 34.67 kg. The annual increment of meats demand 
quantity is 2.2 million tons in China. 60 years ago, the Chinese average level of meats consumption was 4 kg, 
the national per capita meats share rose to 54.8 kilograms by 2009, and per capita share of meats increased by 
more than 10 times. In 1978, the meats consumption of Chinese farmers was 6 kg, which of urban residents 
was 18 kg, while recently the meats consumption of Chinese farmers was between 18kg and 22 kg, and 
annual per capita meats purchase of urban households was 33 kg, which was more than 40 kg if plus the 
consumption outside. Since the 21st Century, urban and rural residents' per capita consumption of livestock 
products also showed significant growth, urban and rural residents' per capita and livestock consumption is 
shown in Table 1. 
Water consumption is the major aspect of household food consumption impacting on the environment, in 
accordance with FAO’s provisions (FAO, 2008). The daily dietary energy intaking of 2700 kcal is a widely 
used measure indicator of food security, and one thousand cards food needs an average of one liter of water 
(Molden, et al., 2007). Therefore, in the case of achieving food security, from the perspective of household 
food consumption, per capita per day would consume 2.7m3 of water. According to Comprehensive 
Assessment of Water Management in Agriculture (de Fraiture et al.,2007; Molden et al.,2007), the food 
production of the world needs to consume green water (rainfall and soil moisture) 6800km3 per year currently, 
with 1800 km3 irrigation water needed additionally. According to the trend of the world income growth and 
energy consumption growth ,it is predicted that per day per person will consume 3000 kcal of energy in 2050, 
in order to meet the consumption level of food production, water consumption will increase by 5600 km3, of 
which 800 km3 of the blue water is for agricultural irrigation. Taking into account of conservation of 1500 
km3 of water by expanding the use of rain-fed agriculture and other technical measures each year, even so 
there is a lack of 3300 km3 of water in agricultural production in the world each year in 2050. 
Table 1 Annual statistics of the average urban household consumption of livestock products index   ( Unit: Kg) 
Residents Years 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Urban 
residents 
Per capita 
purchase of pork 16.73 15.95 20.28 20.43 19.19 20.15 20 18.21 19.26 20.5 
Per capita 
purchase of beef 1.98 1.92 1.92 1.98 2.27 2.28 2.41 2.59 2.22 2.38 
Per capita 
purchase of lamb 1.35 1.25 1.08 1.33 1.39 1.43 1.37 1.34 1.22 1.32 
Per capita 
purchase of 
poultry 
5.44 5.3 9.24 9.2 8.41 8.97 8.34 9.66 9.98 10.47
Total per capita 
meat 25.5 24.42 32.52 32.94 31.26 32.83 32.12 31.8 32.68 34.67
Rural 
residents 
Per capita 
purchase of pork 13.3 13.4 13.7 13.8 13.5 15.6 15.5 1337 12.65 13.96
Per capita 
purchase of beef 0.5 0.6 0.5 0.5 0.5 0.6 0.7 0.68 0.56 0.56 
Per capita 
purchase of lamb 0.6 0.6 0.6 0.8 0.8 0.8 0.9 0.83 0.73 0.81 
Per capita 
purchase of 
2.8 2.9 2.9 3.2 3.1 3.7 3.5 3.86 4.36 4.25 
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poultry 
Total per capita 
meat 17.2 17.5 17.7 18.3 17.9 20.7 20.6 18.74 18.3 19.58
Data sources: "China Statistical Yearbook" between 2002 and 2010 
However, the current research on the relationship between the livestock consumption amount of residents 
and utilization of water resource is still very limited, the traditional understanding of the water demanded for 
livestock products only stay in the direct production process, and ignore the upstream water consumption 
caused by livestock production. Household food consumption patterns has a profound impact on the water 
resources consumption, and the basic influence law of the regional virtual water of household consumption of 
different food is need to be studied urgently, in order to correctly grasp the influence trend of regional water 
security by the change of the residents' food consumption pattern. If the logical relationship between the 
household livestock consumption and water consumption is truly described, it will be conducive to analysis 
and understand the pressure on water resources systems caused by increased household livestock consumption, 
and can provide important information and decision support for water resources management.  
2. Regional water consumed by livestock production based on the virtual water theory 
2.1 The virtual water content in the drinking step of live animals  
The virtual water content which formed in the drinking water consumption aspect of living animals is 
equivalent to the total amount of water available to animals for drinking, and the calculation range includes 
the entire growth cycle of the animals. 
2.2 Virtual water consumption of animal facilities 
The virtual water content of water consumption in the animal facilities is equal to the water necessary for 
the sum of cleaning barn, washing animals, and keeping the environment clean in the life cycle of the animal. 
2.3 Water consumption of the upstream feed products in production chain  
Livestock production requires the consumption of feed grain. Dozens of, even hundreds of times more 
biomass is needs to produce the same amount of livestock products of pigs, cattle sheep and other meat 
animals. According to Xu(2009), the grain resources consumed by production of 1kg of meat protein is 20 
times than that of vegetable protein. The number of vegetarians supported by unit of arable land is 14 times 
than that of carnivores, that is, arable land occupied by carnivore is 14 times of that by vegetarians (Wang and 
Wu, 2001). Similarly, it is the same to water resource. Food crops especially grain production is water-
intensive industry. In generally, producing of 1kg of grain requires 1 ~ 2m3 of water in a suitable climate 
condition, on the other hand, in the countries of drought and adverse climatic conditions (high temperatures, 
high evaporation), the production of 1kg of grain requires more than 3 m3 of water resources. Therefore, in 
the whole production chain formed by livestock products, the water consumption growth which is formed by 
the demand for feed corn occupied the vast majority of the proportion in total water consumption of livestock 
products. 
In summary, based on the perspective of virtual water concept, considering the whole production chain of 
livestock products, from the production of agricultural commodities involved in its initial start to livestock 
production providing livestock products to the consumer, the impact of regional water consumption by 
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livestock products is shown in Figure 1(Cao et al., 2004): 
 
Fig. 1. The virtual water of livestock products in the whole production chain perspective 
According to the demand of water by livestock production chain, several foreign scholars calculated the 
virtual water content of certain typical livestock products, in which the calculations of Chapagain & Hoekstra 
(2003a), Zimmer and Renault (2003) and the oki et al. (2003)  were the most authoritative, the results is 
shown in Table 2. Under the guidance of this production chain effect, virtual water of the regional agricultural 
production will rise sharply, and even trigger a huge water resources gap, and endanger grain security. 
Table 2 The representative calculation results of virtual water content of livestock products.  Unit: m3/kg  
Livestock products 
Chapagain & Hoekstra 
(2003a) 
Zimmer and Renault(2003) Oki et al. (2003) 
Beef 15.977 13.50 20.70 
Mutton 6.082 - - 
Pork 5.906 4.60 5.90 
Poultry 2.828 4.10 4.50 
Eggs 4.657 2.70 3.20 
Note The results of Chapagain & Hoekstra(2003a) was calculated basing on the average data of the globe, the calculation results of 
Zimmer and Renault was based on the dates of california, while the calculation results of Oki et al. (2003) was based on the dates of 
Japan. 
3. Discussions  
The pattern of residents' food consumption will change in an irreversible trend, and the metaphor of the 
virtual water takes full advantage of water resource endowment among the countries (regions) and alleviates 
the pressure on water resource in water deficient areas by a appropriate trade pattern, proved by the practice 
that the virtual water trade had played an important role in alleviating the water crisis in the Middle East and 
North Africa (MENA) regions. The objective of this study is to explore how to meet the growing consumption 
of animal products without water consumption growth. From the interdisciplinary perspective, this study 
research the water policy and agricultural production policy which can meet the change of residents' food 
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consumption pattern in order to achieve continuous improvement of the water resource saving and water 
ecology. Therefore, correlative strategy to realize the regional water security in growth trend of residents' 
livestock consumption is suggested as follows: 
3.1 Improving the water productivity of livestock products 
From the perspective of the whole production chain of the livestock products, improving the water 
productivity of livestock means to reduce the virtual water contented in the chain of feed production. If the 
water use efficiency can be improved in the chain of feed production, water-saving will play a significant role 
in the entire production chain for livestock. Usually, the adoptable ways including: Firstly, improve the 
technical measures, and develop the new technologies (such as irrigation technology) to reduce the coefficient 
of directly water consumption by increasing R & D investment, then increase investment to make these water-
saving technology be applied and popularized. Secondly, make some appropriate water management policies 
to encourage farmers to consider the opportunity cost of water in the grain production process. These policies 
play a key role in stimulating agriculture to improve water use efficiency and selecting the alternative crops of 
low water consumption. 
3.2 Reduce the influence of regional water consumption by the livestock production growth in the way of 
virtual water trade 
On one hand, in the perspective of the virtual water trade, livestock trade can achieve water resource 
saving in the global range, and this water-saving effect is from the different water utility efficiency of various 
countries.  
On the other hand, virtual water trade strategy can be implemented in the domestic inter-regional in the 
country where there are various climate and different natural areas if considering a country's food security 
with animal products over-reliance on foreign imports. 
3.3 Achieve the coordinated development between regional water resource endowment and food 
consumption pattern 
The scarce water areas should gradually optimize the current economic structure and residents' food 
consumption structure, and promote regional food consumption structure and pattern appropriating regional 
water resource conditions. For the serious water deficit areas, on the one hand, it is not encouraged to 
consume excessive water-intensive products. On the other hand, in order to achieve the diversification of the 
consumer and improve the quality of residents' life, it is supported to import water resource-intensive 
consumer products from other regions and countries. However, the virtual water trade strategy should go 
along with a series of water policy, because that the individual use of virtual water trade strategy is often 
difficult to achieve the intended purpose. Therefore, it is need to lay stress on scarcity value of water resource 
element in the chain of animal products which is water-intensive products for the water deficit areas. At the 
same time implement corresponding compensation to water-saving behaviours and approaches in livestock 
production process. Compensation funds can from the revenue generated by the circulation water of resources 
and the method of compensation can be operating via government-leading market mode. 
4. Conclusions 
Studying residents' food consumption, especially the pressure and impact of water resources system by 
117 Guiliang Tian /  IERI Procedia  5 ( 2013 )  112 – 117 
continuous increase of livestock consumption has important significance on establishment of the sustainable 
food production patterns and food consumption habits to us. 
The main conclusions drawn by this study are as follows: (1) With the national economic growth and 
development of people's income level, the proportion and absolute amount of livestock products in household 
food consumption both show growing trend, which induce the improvement of livestock production. From the 
view of livestock production chain, there is a strong long-term positive correlation of regional water 
consumption growth by improvement of livestock production based on the thinking and view of the virtual 
water theory; (2) Under the premise of no exacerbating water pressure on water deficient areas, we should 
improve the water productivity of livestock products to meet residents' growing demand for livestock 
products. Water saving technologies and effective water resource management policies are should be used to 
reduce the virtual water content of the feed production chain from the perspective of the whole production 
chain of the livestock products, and they will be very significant to water-saving effect of the entire 
production chain for livestock products. Above all, this study proposes using the virtual water trade to reduce 
influence of water consumption by the livestock consumption growth in water deficient areas by  international 
or regional imports of livestock products and feed products, and advocate to guide the establishment of 
sustainable food consumption pattern and structure in order to achieve the coordinated development of 
regional water resource endowment and food consumption. 
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